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Abstract 
This paper presents the initial concept design for a novel high pressure thermal water pump for use in a reverse osmosis 
desalination system working on a new thermal power cycle referred to as the thermal power pump cycle (TPP). The operation 
and design of the proposed TPP cycle operated reverse osmosis system are explained with the help of system schematics. Basic 
governing equations used to carry out the theoretical analysis of the proposed system are discussed. Theoretical performance of 
the thermal power pump cycle with isopentane as the working fluid is presented. A series of experiments have been carried out to 
determine the effectiveness of the new power cycle, agreement with theoretical predictions, and the major areas that will require 
further development.   
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1. Remote community water supply  
Recent research indicates that over a billion people globally lack access to purified drinking water [1] and that the 
vast majority of these people live in remote rural areas [1] where traditional clean water solutions are difficult, or too 
costly to install. This global picture is reflected locally in Australia with approximately 30% of total water use being 
derived from groundwater and up to 4 million people being either partially or totally dependent on groundwater for 
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their domestic supply [2], including numerous indigenous communities [3]. Ground water quality varies greatly and 
often requires some degree of desalination [2]. Additionally, these remote locations often rely on some form of 
renewable energy supply due to a lack of connection to the power grid [3]. 
The most common practice for desalination under such circumstances is to either combine thermal energy with 
thermal desalination technologies, or to use electromechanical sources for processes such as reverse osmosis (RO) 
and electro-dialysis [4]. RO desalination systems require significantly less energy for every cubic meter of fresh 
water produced and this low specific energy consumption has been able to offset some of the disadvantages [4] of 
PV based RO systems, as well as the limitations imposed on recovery from the RO systems due to the panel area 
required [2, 5]. In 2010 PV cells could only convert 14-25% of incident radiation to electricity [6] however, solar 
thermal collectors of the same period could convert 30-60% of incident radiation to usable heat at below 100°C 
temperatures [7]. It is therefore proposed that a solar thermal system compatible with RO desalination membranes 
could represent a significant improvement in the field. 
2. Design requirements and concept development 
Date and Akbarzadeh [8] have presented a novel thermodynamic cycle where the power stroke consists of a 
constant pressure and temperature expansion of the evaporating working fluid; once the power stroke is complete, 
the working fluid is cooled and condenses at a lower constant pressure and temperature. Theoretical system 
efficiency is approximately 60% of Carnot efficiency. This thermal power cycle shows significant promise if 
developed as a low temperature thermal system capable of being integrated with a RO desalination unit. This work 
develops a prototype system to assess the actual overall efficiency of such a system.  
The proposed system should be low cost and robust for isolated use with low maintenance. FoC efficiency should 
be maximized while allowing desalination of brackish water with a salinity of between 500 and 30,000 mg/L [2]. A 
salt concentration of approximately 5,000 mg/L is used for initial prototype design [2]. Van’t Hoff’s limiting law is 
used to determine the osmotic pressure required for the desired recovery ratio, assuming the feedwater temperature 
to be at 27oC. The feedwater pressure required is then determine using the relationship between Van’t Hoff’s 
limiting law and recovery ratio [9]. A margin of 2.5% is added to ensure that the actual feedwater pressure is greater 
than the required pressure which gives an operating pressure of 874kPa. Based on the chosen hot side temperature of 
70oC, for isopentane as the working fluid, this requires a pressure ratio of 3.41 between feedwater and working fluid. 
A design is proposed that utilises two cylinders of equal diameter, and achieves the required pressure ratio through 
the use of a beam linkage. The difference in stroke length is thus proportional to the increase in delivery pressure 
(Fig. 1).  
 
  
Fig. 1: Proposed design. (Left) Schematic representation. (Right)  Isometric embodiment design. 
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3. Testing of a small-scale thermal pump 
In order for work on the above prototype design to progress further, a proof of concept model has been 
manufactured and tested in order to examine how the theoretical predictions translate into the real world and gain 
insight into potential design hurdles. The system proposed by Date and Akbarzadeh in [8] is used as the basis for the 
proof of concept prototype. However, a number of changes have been made to simplify the system as follows: 
1. The working fluid used is isopentane rather than acetone to allow lower hot side temperatures 
2. The heat exchangers have been incorporated into the pump cylinder such that; 
a. Cooling of the working fluid occurs via natural convection from the cylinder walls 
b. A simple flat plate heat exchanger in the base of the cylinder supplies heat to the working fluid 
3. The cycles are monitored and controlled manually  
A basic schematic of the experimental rig with the above mentioned changes is given in Fig. 2 below.  
 
 
Fig. 2: Exploratory test rig system schematic 
4. Experimental performance 
A test has been completed to determine the thermal efficiency of the delivery stroke at various outlet pressures. A 
throttling valve is used to control the delivery pressure; thermocouples are used to measure heat exchanger inlet and 
outlet temperatures; heating and delivery water volumes are measured and divided by stroke time to give the 
relevant flow rates. 
 
Fig. 3: Experimental results - delivery stroke thermal efficiency versus pressure for heat source @ 60oC. 
The energy supplied to the system  and power output are calculated using        and  
 respectively [10]. The ratio of these values then gives the thermal efficiency of the delivery stroke for various 
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delivery heads (Error! Reference source not found.). Relative experimental uncertainty on the thermal efficiency 
was around ±15%. 
4.1. Theoretical model  
A theoretical model has been developed to match the experimental boundary conditions (Fig. 4 and 5). Comparison 
of the experimental and theoretical results shows that the trends observed experimentally are supported by the 
theory; however the experimental efficiencies are significantly lower than predicted. Upon further analysis of the 
experimental parameters, it was determined that the amount of working fluid used in the experiment was the most 
likely cause of the inefficiencies observed. The theoretical results assume that the total amount of working fluid is 
evaporated and condensed each cycle which gives the required mass of isopentane as 0.0017kg. In comparison, the 
test rig was primed with approximately 0.0088kg.  
 
Fig. 4: Theoretical results – Overall efficiency versus heat source temperature. Heat sink @ 20oC  
 
Fig. 5: Experimental results - delivery stroke thermal efficiency versus pressure for heat source @ 60oC. 
As the mass of isopentane used in the experiments is close to five times the theoretical optimum, the equation 
Q=m(h2-h1) suggests that the energy needed to raise the enthalpy of the working fluid to the required level is 
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therefore approximately five times greater than the values used in the theoretical model. This translates to a fivefold 
decrease in efficiency for the experimental results when compared to the theory.  
The third data series in Fig. 5 shows the experimental results after being adjusted to compensate for the excess 
working fluid and it can be seen that this brings the values much closer to what would be expected, however there is 
still a noticeable difference observed; The maximum pressure obtained in the experiments is approximately 10kPa 
short of the predicted maximum and is still accompanied by lower observed efficiencies overall.  
The most likely cause of this additional discrepancy is assumed to be friction between the piston, which was 
sealed with simple rubber O-rings, and the aluminium cylinder wall. Losses caused by such excess friction would 
both decrease the maximum pressure achievable, as well as reducing the efficiencies observed at lower delivery 
pressures.  
The experiments conducted thus far suggest that the two parameters discussed above account for the majority of 
the inefficiency observed and hence careful consideration of the design aspects affecting these parameters is 
required in order to develop a successful prototype. 
Additionally, observation of the above experiments shows that the relative heat exchanger areas for both the 
evaporator and condenser need to be substantially increased in order to achieve acceptable stroke times. 
5. Conclusion 
The work so far completed has focused on gaining an understanding of the physical system and processes 
involved in designing a practical device that will operate using the TPP cycle initially proposed by Date and 
Akbarzadeh [8]. A review of the relevant literature has revealed a significant gap between the efficiencies and 
specific energy consumption of well-established but expensive desalination systems such as PV panels coupled with 
RO desalination units and less expensive options such as solar thermal desalination technologies like solar stills. 
Initial experiments have been performed on a proof of concept prototype of the basic TPP design. The results of 
these tests will be used to complete the design of an updated prototype and a series of more rigorous experiments 
designed to isolate and test various system components.  
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